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(57) Abstract: The present 

invention relates to a stereoscopic 
display adapted to present a 
stereoscopic image composed of 
a plurality of pixels. This display 
includes a light intensity encoder 
adapted to emit light from a plurality 
of pixels with an assigned light 
intensity for each pixel, and a 
light polarisation encoder adapted 
to receive light emitted from the 
light intensity encoder and to 
emit this light within an assigned 
polarisation state for each pixel. The 
display provided is adapted to emit 
light polarised with a non-spatial 
polarisation. The present invention 
also encompasses a stereoscopic 
image decoder which includes two 
polarisation filters with each filter to 
be positioned between a stereoscopic 
display and an eye of an observer. 
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IMPROVED STEREOSCOPIC DISPLAY 
TECHNICAL FIELD 

This invention relates to improvements in or relating to stereoscopic displays and 
methods of manufacturing said displays. In particular the present invention may be 
adapted to provide a stereoscopic display which allows an observer to view an 
5 image with stereoscopic qualities where the image viewed is consistent irrespective 
of the viewing angle or viewing orientation of the observer. 

BACKGROUND ART 

In numerous and varied applications it would be of advantage to have some form 
of stereoscopic display system. These types of displays may present an image to 
10 an observer with three-dimensional qualities or spatial depth cues. This additional 
depth or stereoscopic information can be useful in many different fields ranging 
from entertainment through to controlling remotely operated vehicles, robotic 
systems, or remote sensing devices for example. 

A standard technique employed in existing stereoscopic display systems is to 
1 5 present a spatially displaced image to either eye of an observer. Two separate, 
slightly displaced images may be presented to the eyes of an observer to provide 
the observer with a depth cue and hence the perception of a three-dimensional 
image on the display. 

These two spatially displaced images can be encoded for the alternate eyes of an 
20 observer using light polarisation systems. One image may be composed from a 
specific state of linear polarisation of light which can be blocked by a polarising 
filter over the alternate eye of the observer which is not to view the image. This 
approach can be made with the second image using a second state of linearly 
polarised light to ensure that each eye of the observer only observes one of the 
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two images presented. 

An example of an implementation of this type of technology is disclosed in US 
patent number US 6181303. 

This patent discloses the implementation of a stereoscopic display system which 
5 employs liquid crystal display technology. The observer of the display wears a set 
of glasses with appropriate polarisation filters to obtain views of two slightly 
displaced images of the scene for a stereoscopic effect. 

The system disclosed in this patent employs an initial rear liquid crystal display to 
present a single output image with a specific light intensity per pixel of the image. 

10 A second front liquid crystal display is then used to apply a variable spatial 

polarisation to the output of the rear LCD. This system in effect encodes two pixels 
with intensities h, l 2 into a single pixel, with an intensity l 3 and a polarisation 
rotation state. Polarisation filters worn over the eyes of the wearer then 
decompose the single intensity value of l 3 combined with the polarisation rotation 

1 5 state into a single image intensity U for one eye and the second image of intensity 
l 2 for the second eye of the observer. 

However, there are some limitations present in this particular LCD implementation 
of a stereoscopic display system. 

A spatial based polarisation is applied and present in the output of the display 
20 which is subsequently decoded by the lenses or filters worn over the eyes of an 

observer. However, due to the spatial nature of the polarisation applied, variations 
in the viewing position or viewing orientation of an observer's eyes will result in 
variations in the final image observed. 

For example, if an observer were to tilt their head, the linear or spatial polarisation 
25 used in the output of the display could potentially swap the images presented to 
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each eye of the observer. This effect can be a significant disadvantage in 
environments where the observer is frequently moving or angling their head such 
as in instances where vehicles or robotic systems are to be controlled mainly using 
the images observed. 

5 An improved stereoscopic display that would address the above issues would be of 
advantage. In particular a stereoscopic display which could be implemented using 
existing liquid crystal display technology and which also presented a consistent 
stereoscopic image to an observer, irrespective of the observer's point of view or 
orientation of view would be of advantage. 

10 All references, including any patents or patent applications cited in this 

specification are hereby incorporated by reference. No admission is made that any 
reference constitutes prior art. The discussion of the references states what their 
authors assert, and the applicants reserve the right to challenge the accuracy and 
pertinency of the cited documents. It will be clearly understood that, although a 

1 5 number of prior art publications are referred to herein, this reference does not 
constitute an admission that any of these documents form part of the common 
general knowledge in the art, in New Zealand or in any other country. 

It is acknowledged that the term 'comprise' may, under varying jurisdictions, be 
attributed with either an exclusive or an inclusive meaning. For the purpose of this 
20 specification, and unless otherwise noted, the term 'comprise' shall have an 

inclusive meaning - i.e. that it will be taken to mean an inclusion of not only the 
listed components it directly references, but also other non-specified components 
or elements. This rationale will also be used when the term 'comprised' or 
'comprising' is used in relation to one or more steps in a method or process. 

25 It is an object of the present invention to address the foregoing problems or at least 
to provide the public with a useful choice. 
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Further aspects and advantages of the present invention will become apparent 
from the ensuing description which is given by way of example only. 

DISCLOSURE OF INVENTION 

According to one aspect of the present invention there is provided a stereoscopic 
5 display adapted to present a stereoscopic image composed of a plurality of pixels, 
the display including, 

a light intensity encoder adapted to emit light from a plurality of pixels with an 
assigned light intensity for each pixel, and 

a light polarisation encoder adapted to receive light emitted from the light intensity 
1 0 encoder and to emit said light with an assigned polarisation state for each pixel, 

wherein the light polarisation encoder is adapted to emit light polarised with a non- 
spatial polarisation. 

According to a further aspect of the present invention there is provided a 
stereoscopic display substantially as described above which includes an intensity 
15 assignment processor adapted to determine the light intensity to be assigned to 
each pixel of the image to be displayed. 

According to another aspect of the present invention there is provided a 
stereoscopic display substantially as described above which also includes a 
polarisation assignment processor adapted to determine the polarisation state to 
20 be assigned to each pixel of the image to be displayed. 

According to yet another aspect of the present invention there is provided a 
stereoscopic image decoder which includes two polarisation filters with each filter 
to be positioned between a stereoscopic display and an eye of an observer of said 
stereoscopic display, 
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wherein the first polarisation filter is adapted to block non-spatially polarised light in 
a first polarisation state, where said non-spatially polarised light in a first 
polarisation state is emitted by the second polarisation filter, and 

the second polarisation filter is adapted to block non-spatially polarised light in a 
5 second polarisation state, wherein said non-spatially polarised light in a second 
polarisation state is emitted by the first polarisation filter. 

According to yet another aspect of the present invention there is provided a 
stereoscopic display system which includes a stereoscopic display and at least one 
stereoscopic image decoder substantially as described above. 

10 According to a further aspect of the present invention there is provided computer 
readable instructions which when run are adapted to provide an intensity 
assignment processor of a stereoscopic display substantially as described above. 

According to yet another aspect of the present invention there is provided 
computer readable instructions which when run are adapted to provide a 
15 polarisation assignment processor of a stereoscopic display substantially as 
described above. 

The present invention is adapted to provide preferably both a stereoscopic display 
and also a stereoscopic image decoder to be employed by an observer of such a 
display. 

20 Reference throughout this specification will also be made to the stereoscopic 
display provided being used to present a stereoscopic image. Such an image may 
be in effect composed of two separate slightly spatially displaced images of 
essentially the same scene where each of these two displaced images are to be 
presented to either eye of an observer, or in other instances to two or more 

25 observers. Preferably the image presented in the output of the display may be 
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composed of or formed from a plurality of pixels, being individual picture elements 
which when viewed together form the stereoscopic image required. Those skilled 
in the art should appreciate that stereoscopic images in general which employ the 
presentation of two slightly spatially displaced images are well known in the art. 

5 Reference throughout this specification will also be made to the present invention 
applying a specific light intensity and polarisation encoding to individual pixels of a 
display. However those skilled in the art should appreciate that such treatment, 
may be applied to both single pixels or groups of related or adjacent pixels if 
required. The batch or group processing of pixels as opposed to single pixels may 
10 in some instances allow lower cost componentry to be used in conjunction with the 
present invention or allow for the faster operation of processing systems employed 
in relation to same. Reference throughout this specification to the present 
invention acting on single pixels only should no way be seen as limited. 

In a preferred embodiment the stereoscopic display provided may include a light 
15 intensity encoder. Such a light intensity encoder can be adapted to emit light from 
a plurality of pixels where each pixel has an assigned light intensity value or 
intensity. Preferably the light the intensity encoder may be adapted to control the 
luminous light intensity of a plurality of pixels adapted to form a stereoscopic 
image. 

20 Preferably a light intensity encoder may be provided by a device that can emit light 
over a given range of intensities. In a further preferred embodiment, such a device 
may incorporate many small pixels that can be individually controlled and arranged 
into a pattern (such as for example, LCD, LED, SED technology). 



In a further preferred embodiment the light intensity emitted for a pixel maybe 
25 determined at least in part by the light intensities of pixels making up the two 
spatially displaced images of the scene which the display is to present. 
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In a preferred embodiment the stereoscopic display provided may include a 
polarisation encoder which is adapted to receive light emitted from the light 
intensity encoder. Light emitted from the light intensity encoder will be composed 
of a plurality of pixels with individually assigned light intensity values which are 
5 received as an input by the light polarisation encoder. 

Reference throughout this specification will also be made to the polarisation 
encoder receiving light transmitted or emitted from the light intensity encoder. 
However those skilled in the art should appreciate that in an alternative 
embodiment potentially the order of these two components may be reversed. In 
10 such instances the light intensity encoder may be adapted to receive light emitted 
or transmitted from the polarisation encoder. 

Reference is also being made throughout this specification to the present invention 
emitting light from either or both the intensity and polarisation encoders. Those 
skilled in the art should appreciate that the use of the term "emit" should 
15 encompass both the generation of light by a particular component in addition to a 
component allowing light from an alternate source to pass through or be 
transmitted through itself. Those skilled in the art should appreciate that either 
approach may readily be used in conjunction with the present invention and 
reference to the term "emit" or "emission" should in no way be seen as limiting. 

20 Those skilled in the art should appreciate that reference to the intensity encoder 
providing light as an input to the polarisation encoder should in no way be seen as 
limiting. 

Preferably the light polarisation encoder may be adapted to re-emit light received 
from the light intensity encoder where the polarisation's state of light from each 
25 pixel is controlled, modified or assigned by the light polarisation encoder. The light 
intensities of the pixels making up the pair spatially displaced images of the 
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required stereoscopic image may be used to determine the polarisation state 
assigned by the light polarisation encoder. 

Preferably the intensity encoder and light polarisation encoder may be used to 
encode the light intensities of two corresponding pixels into a single pixel's output 
5 light intensity and polarisation state value. Preferably a stereoscopic image 
decoder may then be employed by an observer of the display to subsequently 
decompose the polarisation state and intensity value assigned to each pixel 
displayed into the original pair of spatially displaced light intensities encoded by the 
stereoscopic display. 

10 In a preferred embodiment the stereoscopic display may also include an intensity 
assignment processor adapted to calculate or assign a specific light intensity to 
each pixel making up the stereoscopic image to be presented. Furthermore, a 
display provided in accordance with the present invention may also include a 
polarisation assignment processor adapted to calculate or assign a polarisation 

15 state to each pixel of the stereoscopic image to be presented. Such processors 
may be implemented through software or computer readable instructions loaded 
into a microprocessor or other similar type of programmable logic device. 
Alternatively, analogue electronics may be employed to implement such 
processors if required. Furthermore, in some instances a single microprocessor 

20 may be programmed to implement both the intensity assignment and polarisation 
assignment processes if required. 

In a further preferred embodiment the light intensity and polarisation state assigned 
to each pixel displayed may be dictated directly by a function of both the light 
intensities of the corresponding pixels of a pair of spatially displaced images used 
25 to create the stereoscopic image. 



In the preferred embodiment a light intensity encoder may be implemented through 
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the use of a liquid crystal display (LCD). LCDs are well known in the art and 
employ a backlight which feeds white light into a linear polariser, liquid crystal 
matrix and then subsequently through a further linear polariser in the transmission 
path of the liquid crystal matrix. The orientation of the liquid crystals in the matrix is 
5 adjusted by an electric field to in turn adjust the intensity of light emitted from the 
matrix through the last linear polarisation filter. Liquid crystal displays can be 
readily implemented using existing technology and can be easily employed and 
driven to present a pixel based image with an assigned light intensity value 
associated with each pixel. 

10 Reference throughout this specification will also be made to a light intensity 
encoder being implemented through the provision of a liquid crystal display system. 
However, those skilled in the art should appreciate that other types of pixel based 
light intensity controlling display systems may also be employed in conjunction with 
the present invention, and reference to the above only through out this 

15 specification should in no way be seen as limiting. For example in other 
embodiment projector based systems, or alternatively exiting cathode ray tube to 
technology may also be employed to provide a light intensity encoder in alternative 
embodiments. 

Reference through out this specification will also be made to the LCD used as an 
20 intensity encoder also including a further linear polariser in the front of or in the 
transmission path of the liquid crystal matrix which filters light emitted or 
transmitted by this matrix. However those skilled in the art should appreciate that 
in alternative embodiments this additional linear polariser may be dispensed with if 
required, depending on the specific components employed to provide the present 
25 invention. 



Preferably the polarisation encoder provided may control the polarisation state of 
light emitted from the stereoscopic display. 
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Preferably the polarisation state assigned for a pixel of the display may be 
determined at least in part by the intensities of pixels making up two spatially 
displaced images of the scene which the stereoscopic display is to present. 

Preferably the light polarisation encoder is adapted to emit or re-emit light from 
5 each pixel with a non-spatial polarisation. Non-spatial polarisation states may be 
applied to the light from each pixel to eliminate variations observed in the 
stereoscopic image presented to an observer depending on the observers view 
point or view orientation. 

The polarisation state assigned to each pixel of the stereoscopic image is 
10 preferably non-spatially polarised. Spatially polarised light observed through a 
linear polarisation filter is perceived variably depending on an observer's or 
sensor's spatial orientation and position. For example, linearly polarised light is 
spatially polarised as it travels in a plain wave through space. If an observer were 
to wear a linear polarisation filter over each of their eyes a linearly polarised light 
15 wave would only be observer clearly from one specific view orientation or position. 
Conversely, with non-spatially polarised light the view orientation or angle of an 
observer will not modify the observers perception of the light emitted. A non- 
spatial polarisation applied to light may include the provision or presence of right or 
left hand circularly polarised light. 

20 In a preferred embodiment, a polarisation encoder may include a twisted nematic 
liquid crystal matrix adapted to receive a light from the light intensity encoder. 

In a further embodiment of the present invention the polarisation encoder may 
include a quarter wave retarder component. 

In a further preferred embodiment a light polarisation encoder may be implemented 
25 through the combination of a twisted nematic liquid crystal matrix configured to 
emit light received from light intensity decoder through to a quarter wave retarder 
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component. 

The twisted nematic LCD technology provided may be used to control angular 
rotation in the linearly polarised light provided by the light intensity encoder, and 
therefore rotate the polarisation state of this light per pixel. 

5 The quarter wave retarder component may then receive the rotated linearly 
polarised light from each pixel and subsequently convert the linearly polarised light 
to ecliptically polarised light having a non-spatial polarisation state. 

Elliptically polarised light has a phase differential present at the electro-magnetic 
waves composing the light involved, as opposed to a spatial differential present 
with a spatially polarised light wave. This phase differential in the elliptically 
polarised light then caries the assigned polarisation state information required to 
allow the image observed from the display to be decomposed back into the two 
original source images. 

Reference throughout the specification will also be made to the light polarisation 
encoder being implemented through the combination of a twisted nematic liquid 
crystal display and a quarter wave retarder system. However, those skilled in the 
art should appreciate that other forms of light polarisation encoders which can emit 
non-spatially polarised light with an assigned polarisation state per pixel may also 
be employed in conjunction with the present invention. However, reference to the 
above only throughout this specification should in no way be seen as limiting. 

In some embodiments additional components or elements may also be located 
between the light intensity encoder and polarisation encoder. For example, in 
some instances diffusing elements used to scatter light can be employed to break 
up moire interference patterns. Alternatively refractor components may be 
25 employed to align or control the transmission pathways of light through the display 
provided. Those skilled in the art should appreciate that additional filter elements 
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or components may also be employed between the encoders of the present 
invention if required. 

Preferably the stereoscopic display provided may also be used to display colour 
images. Those skilled in the art should appreciate that many image colouring 
5 technologies may be employed to achieve this aim of the present invention. For 
example, standard LCD colour filters can be employed with both or either of the 
intensity and polarisation encoders or alternatively field sequential lighting 
techniques may alternatively be employed. The present invention may be 
configured as either a colour display or alternatively black and white/grey scale 
10 display if required. 

According to a further aspect of the present invention there is provided a method of 
providing an intensity assignment processor through computer readable 
instructions, said instructions being adapted to execute of the steps of; 

i) determining an intensity value for at least one pixel of a left input image, 
1 5 defined as I) for each pixel investigated, and 

ii) determining an intensity value for at least one pixel of a right input image, 
defined as l r for each pixel investigated, and 

Hi) calculating the intensity to be assigned by the intensity assignment 
processor provided, said assigned intensity defined as I a , being proportional 
20 to 

l a aV(l,) 2 + (l r ) 2 

According to a further aspect of the present invention there is provided a method of 
providing a polarisation assignment processor through computer readable 
instructions, said instructions being adapted to execute of the steps of; 



WO 2006/038819 PCT/NZ2005/000253 

i) determining an intensity value for at least one pixel of a left input image, 
defined as l| for each pixel investigated, and 

ii) determining an intensity value for at least one pixel of a right input image, 
defined as l r for each pixel investigated, and 

5 iii) calculating the polarisation to be assigned by the intensity assignment 
processor provided, said assigned polarisation defined as P a being 
proportional to 

P a a arctan (l r / l|) 

Those skilled in the art should also appreciate that a set of computer executable 
10 instructions stored on a computer readable medium are within the scope of the 
present invention, where these instructions are adapted to provide the polarisation 
assignment and/or intensity assignment processors discussed above. 

In some embodiments an intensity assignment processor may receive left and right 
intensity information from pairs of stereoscopic images and return a signal to 
15 control the operation of the light intensity encoder. Such a processor may 
incorporate electronics which receive an input signal from a stereoscopic media 
generator where the stereoscopic media involved consists of left and right image 
pairs. 

In some embodiments a polarisation assignment processor as discussed above 
20 may receive left and right hand intensity information and return a signal to control 
the operation of the light polarisation encoder. Such a processor may incorporate 
electronics that receive a signal again from a stereoscopic media generator which 
again works with stereoscopic media composed of left and right image pairs. 

In a further preferred embodiment the intensity and/or polarisation assignment 
25 processor discussed above may be adapted to deal with colour or RGB based 
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images. In the example discussed below a light intensity encoder may effectively 
present a rear set of pixels whereas a light polarisation encoder may present a 
forward set of pixels. 

Now considering two RGB images, being a left/right pair to calculate the front/back 
5 pair where we treat each pixel separately. Using the same spatial pixel from each 
left/right image we calculate the front/back pixels according to the equations set 
out below, where a single left pixel is represented by a red, green and blue 
component (R, G, B) 

(R b , Gb, B b ) = (V (R, 2 + R r 2 ), V (G, 2 + G r 2 ), V (B, 2 + B 2 ) / <2 

1 0 (R f , G f , Bf) = (510* (arctan (R r / Ri), arctan (G r / G,), arctan (B r / B,) / n 

If the left pixel was (R, G, B) = (255, 150, 10) and the right pixel was (R,G,B) = 
(255, 100, 0). The following describes how to calculate the front and back pixel. 

To calculate a rear pixel we have 

RGB = (V (255 2 + 255 2 ), < (150 2 + 100 2 ), V (10 2 + 0 2 )) 

15 =(360.6, 180.3, 0)(1dp) 

Obviously now the values are no longer integer and in the range (0, 255) so we 
divide by V2 and round appropriately. 

= (V2 / (360.6, 180.3, 10)) 

= (255, 127, 7) 

20 So the rear pixel is RGB (255, 127, 0) 

Now to calculate the front pixel we have 

RGB = (arctan (255 / 255), arctan (100 / 150), arctan (10 / 0)) 
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= (0.7854, 0.5880, 1.5708) 

Here we have a similar problem. The inverse tan gives a value in the range from 
(0, n / 2) so to rescale to (0, 255) we multiply by 255 * 2 / n 

= (255 * 2 / n * (0.7854, 0.5880, 1 .5708)) 

5 =(128, 95, 255) 



In a preferred embodiment the present invention may also be used to provide a 
stereoscopic image decoder. Such a decoder may include a pair of polarisation 
filters to be positioned between a stereoscopic display and at least one eye of an 
10 observer of such a display. The polarisation filters employed may be used to 
translate the light intensity and polarisation state information present in each pixels 
light into an intensity value for two independent pixels of two spatially displaced 
images. 

Preferably these pair of polarisation filters may be matched or complimentary in 
15 nature so that one filter will block non-spatially polarised light with a first 
polarisation state where this light is subsequently passed or emitted by the second 
polarisation filter. Conversely second polarisation filter may pass or emit light with 
a second polarisation state which is in turn blocked by the first polarisation filter. 

Those skilled in the art should appreciate that reference to blocking of light in 
20 conjunction with the present invention may encompass absorption, reflection, 
scattering, diffusion or otherwise any other method of preventing light from being 
observed by or being incident with the eyes of an observer. 

This configuration of the image decoders polarisation filters allows each eye of an 
observer or independent observers to resolve an independent or separate image. 
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Each independent image presented may be slightly spatially displaced to in turn 
give observers image depth cues. Those skilled in the art should appreciate that 
the pair of polarisation filters provided may be worn over either eye of a single 
observer or may be worn over the eyes of different observers located at different 
5 perspectives if required. The general discussion throughout this specification of a 
single observer only being involved should in no way be seen as limiting. 

In a further preferred embodiment a polarisation filter of a stereoscopic image 
decoder may consist of or incorporate a quarter wave retarder combined with a 
linear polarisation filter. A quarter wave retarder may be used to remove the 
10 elliptical polarisation applied to light received from a display while a linear 
polarisation filter can be used to block or emit lights with specific spatial 
polarisation characteristics or states. 

Reference throughout this specification will also be made to the polarisation filters 
of a stereoscopic image decoder including the quarter wave retarder and linear 

1 5 polarisation filters discussed above. However, those skilled in the art should also 
appreciate that the specific components employed in the construction of the 
stereoscopic display involved will to some extent dictate the constructional or form 
of the polarisation filters involved. For example, in an alternative embodiment a 
single combined filter may be employed to decode or decompose the light emitted 

20 by the display without necessarily needing to rely on a separate linear polarisation 
filter or filters as discussed above. 

The present invention may provide many potential advantages over the prior art. 

A stereoscopic display system including a display and at least one image decoder 
can be used to present stereoscopic images which cannot vary depending on the 
25 view position or view angle of an observer. The use of non-spatially polarised light 
transmissions and the operation of such a display can therefore be employed to 
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provide consistent and reprogressional views of an image with stereoscopic depth 
quality. 

A stereoscopic display as configured in accordance with the present invention may 
also be configured to present basic two dimensional images without any 
5 stereoscopic effect. Simply by disabling the operation of the polarisation encoder 
and removing the image decoder such a display may operate as a standard two 
dimensional liquid crystal display in some embodiments. 

In addition the present invention may be used to provide a higher resolution 
stereoscopic display than some of forms of existing stereoscopic displays. This 
1 0 present invention does not use alternate pixels presented to each eye, or the pixels 
which are multiplexed in time, thereby allowing the overall resolution of the display 
to be increased. 

BRIEF DESCRIPTION OF DRAWINGS 

Further aspects of the present invention will become apparent from the following 
15 description which is given by way of example only and with reference to the 
accompanying drawings in which: 

Figure 1 shows a top cross section schematic view of a stereoscopic display 
as configured in accordance with a preferred embodiment of the 
present invention, and 

20 Figure 2 shows a top cross section schematic view of an image decoder as 
configured in accordance the same embodiment of the invention 
discussed with respect to Figure 1. 

BEST MODES FOR CARRYING OUT THE INVENTION 



Figure 1 shows a top cross section schematic view of a stereoscopic display as 
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configured in accordance with a preferred embodiment of the present invention. 

The display (1) is formed from two main components, being a light intensity 
encoder (2) and a light polarisation encoder (3). 

In the embodiment shown the light intensity encoder (2) is formed from a light 
5 source in the form of a backlight form which projects or emits non-polarised white 
light towards a first linear polarisation filter (5). This first linear polariser (5) then 
emits light with a specific spatial linear polarisation state through to the rear of a 
liquid crystal matrix (6). The orientation of each of the crystals arrayed within the 
matrix (6) is adjusted using an electric field to apply a specific light intensity value 
10 to each pixel making up or composing the matrix (6). Light subsequently emitted 
from the liquid crystal matrix (6) is then filtered through a further linear polarisation 
filter (7) and subsequently emitted from the front of the light intensity encoder 
assembly (2). 

The light emitted from the intensity encoder is composed of a plurality of pixels with 
15 a defined or set light intensity value for each pixel. The light emitted is 
substantially linearly polarised and used as an input for the following polarisation 
encoder (3). 

The electric field applied across the liquid crystal matrix (6) is employed to directly 
control the light intensity of each pixel used to make the display. An intensity 
20 assignment processor (not shown) is used to calculate the specific intensities to be 
assigned to each pixel. These intensities are based in part on the intensities of a 
pair of corresponding pixels making up two spatially displaced stereoscopic images 
of a scene to be presented by the display (1). 

The polarisation encoder (3) receives at its rear the intensity coded linearly 
25 polarised light emitted from the light intensity encoder (2). This light is received by 
a combination of components, the first of same being a twisted nematic crystal 
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filter (8). The twisted nematic filter (8) is employed to apply a rotational translation 
to the linearly polarised light it receives. This rotational translation can be varied 
for each pixel of the twisted nematic crystal making up the display so that variable 
rotation will be applied to each pixel's light to in turn apply an assigned polarisation 
5 state to this light. 

Those skilled in the art should also appreciate that there may be some 
approximation present in the operation of the encoder due to the overlapping of 
light supplied from adjacent pixels of the intensity encoder. 

The subsequently rotationally translated linearly polarised light is them emitted 
10 through the twisted nematic filter (8) and fed through as an input through a quarter 
wave retarder component (9). The quarter wave retarder (9) is used to translate 
rotated linearly polarised light emitted from the twisted nematic filter through to 
elliptically polarised light. A blanket transformation is applied by the quarter wave 
retarder across the light of all pixels of the display, translating this initially spatially 
1 5 polarised light through to a non-spatially polarised light to be emitted from the front 
of the display provided. 

The operation of the twisted nematic filter (8) is driven by a polarisation assignment 
processor (not shown) which calculates the polarisation state to be applied to light 
from each pixel exiting the front of the filter (8). Such processor may calculate a 
20 required polarisation state for each pixel of the display with this polarisation status 
being dictated by both the light intensity of the pixel and also the light intensities of 
pixels making up two corresponding source images to be displayed. 

This configuration of both the light intensity encoder (2) and light polarisation 
encoder (3) allows a stereoscopic image composed of a plurality of pixels to be 
25 emitted with light from each pixel having a non-spatially polarised state. This non- 
spatially polarisation and intensity encoded light can then be subsequently 
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decomposed by the stereoscopic image decoder discussed with respect Figure 2. 

This type of display system may be implemented in a "sandwich" configuration, 
with a more compact embodiment than that shown in the schematic view of figure 
1 . In such instances any voids or spaces may be eliminated between the layered 
5 components to provide a relatively compact display design. 

Figure 2 illustrates a stereoscopic image decoder (10) formed from a pair of 
polarisation filters (11). Each filter (11) is in turn composed of a quarter wave 
retarder component (12) and a further linear polarisation filter (13, 14). 

Each of the polarisation filters is adapted to be disposed between the front of the 
10 display discussed with respect to Figure 1 and an eye of an observer of such a 
display. In a preferred embodiment these filters may be integrated into eye 
glasses or similar types of apparatus to be worn over the eyes of an observer. 

Each of the quarter wave retarder components (12) of each filter substantially are 
identical in the embodiment shown. The quarter wave retarders are employed to 
15 convert the initially received elliptically polarised light from the front of the 
stereoscopic display through into spatially, linearly polarised light to be received by 
each linearly polarisation filter (13, 14). 

Each of the linear polarisation filters (13, 14) are tuned to block a specific state of 
linearly polarised light to display a single image slightly spatially displaced from a 
20 second source image to be shown by the second filter. The linear polarisation 
filters (13, 14) employed may use existing stereoscopic display techniques to 
decompose a single incoming light image into the pair original source images 
encoded by the stereoscopic display involved. 

As can be appreciated by those skilled in the art the provision of the image 
25 decoder (10) within a pair of eyeglasses worn by a wearer will eliminate any point 
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or angle of view variations perceived by the observer of the display. As the 
orientation of each linear polarisation filter (13, 14) is static with respect to the 
observer's eyes these types of variations may be eliminated in conjunction with the 
present invention in the embodiment discussed above. 

5 The aspect described above the display is used to display spatially displaced 
images to the left and rights eyes of a viewer. The display can also be used to 
display different images to two viewers. In the same way as the two spatially 
displaced images can be encoded for alternative eyes, two different images can be 
encoded for different viewers using light polarising systems. The images are again 
1 0 separated by the differently polarised glasses. 

The set up is the same as described above. Instead of stereoscopic media two 
independent images are shown. Instead of having glasses with different 
polarisation filters at each lens the glasses will have the same polarisation filters. 
The first observer may have glasses with polarisation filter 13. The second will 
1 5 have glasses with polarisation filters 14. 

The first and second observers can therefore see independent images displayed 
on the same display. 

This is advantageous as it allows people to watch different images on the same 
display. This is space saving in situations where people may wish to watch 
20 different things for example in a car, where the driver may wish to see navigational 
information and the passenger may wish to watch a movie. 

A further example is where the technology is integrated into a television set, 
different image streams are interlaced and separated using the polarisation. 
Different viewers can watch the different screens by wearing glasses of the 
25 appropriate polarisation. 
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Further this can be used to provide security so that only someone wearing glasses 
of the correct polarisation can view the displayed image. 

The circular polarisation is important in making the technology work for this 
application as it allows greater flexibility in the position of the viewer. Where 
5 linearly polarised light is used, the viewer must be positioned in a 'sweet spot', 
making the technology impractical for use in situations where the position of 
viewers may change. 

We now consider and discuss below the changes in polarisation states of light 
employed in conjunction with both the display (1) and decoder (10) discussed 
1 0 above. 

Let us assume that the light from 4 is unpolarised. The light from 5 is linearly 
polarised. Now we define an axis that is parallel to that linearly polarised light. The 
light leaving 5 is linearly polarised at 0 degrees to that axis. The light leaving 6 will 
have some degree of linear polarisation between 0 and 90 with respect to the axis. 

15 From 7 the light is once again linearly polarised 90 degrees to the axis. The light 
leaving 8 will have some degree of linear polarisation between 90 and 0 with 
respect to the axis. The light leaving 9 will have a degree of elliptical polarisation 
ranging from left circularly polarised to right circularly polarised. If the light from 8 
is rotated 45 degrees the light from 9 will be linearly polarised. We can now define 

20 a second axis, axis2, which is 45 degrees to the original axis. We can also define 
a third axis, axisS, which is parallel to the fast axis of component 12. The light 
emitted by 12 is linearly polarised to the same angle with respect to axis3 as light 
emitted by 8 with respect to axis2. Light emitted from 13 and 14 is linearly 
polarised at an angle of +/- 45 degrees in relation to axis3 respectively. 
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We now consider the changes in light intensity affected by both the display (1) and 
decoder (10) provided in accordance with the embodiment of the invention 
discussed above. 

Ideally there are only two places where the intensity is changed. If the light from 6 
5 is linearly polarized at some angle other than the transmission axis of the polarizer 
(component 7) the intensity of light transmitted by 7 will be reduced. 

The transmission axis of the components 13 and 14 are at a right angle. The 
angle of the linearly polarized light transmitted by component 8 sets the angle for 
the linearly polarized light transmitted by 12. The relative angle between what is 
10 transmitted by 12 and the linear polarisers 13 and 14 determines the intensity of 
the light transmitted to each eye shown. 

Those skilled in the art should also appreciate that the above construction may 
also be implemented readily through the provision of existing componentry. To do 
so first we start with an LCD panel. We remove the polarisers. We then laminate 
15 a sheet of quarter wave retarder to the front of the panel. The fast axis of the 
retarder is orientated at + or - 45 degrees to the rubbing axis of the LCD panel. 
This construction can then be assembled onto the front of a normal high brightness 
LCD monitor. 

Aspects of the present invention have been described by way of example only and 
20 it should be appreciated that modifications and additions may be made thereto 
without departing from the scope thereof. 
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WHAT WE CLAIM IS: 

1. A stereoscopic display adapted to present a stereoscopic image composed 
of a plurality of pixels, the display including, 

a light intensity encoder adapted to emit light from a plurality of pixels with 
an assigned light intensity for each pixel, and 

a light polarisation encoder adapted to receive light emitted from the light 
intensity encoder and to emit said light with an assigned polarisation state 
for each pixel, 

wherein the light polarisation encoder is adapted to emit light polarised with 
a non-spatial polarisation. 

2. A stereoscopic display as claimed in claim 1 wherein the light intensity 
emitted for a pixel is determined at least in part by the light intensities of 
pixels making up two spatially displaced images of the scene which the 
stereoscopic display is to present. 

3. A stereoscopic display as claimed in claim 1 or claim 2 wherein a light 
intensity encoder includes a liquid crystal display. 

4. A stereoscopic display as claimed in claim 3 wherein a light intensity 
encoder includes a linear polariser in the transmission path of the liquid 
crystal display. 

5. A stereoscopic display as claimed in claim 1 or claim 2 wherein the light 
intensity encoder includes an image projection system. 

6. A stereoscopic display as claimed in claim 1 or claim 2 wherein the light 
intensity encoder includes a cathode ray tube. 
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7. A stereoscopic display as claimed in any previous claim wherein the 
polarisation state of light emitted from the stereoscopic display is controlled 
by the light polarisation encoder. 

8. A stereoscopic display as claimed in claim 7 wherein the polarisation state 
assigned for a pixel is determined at least in part by the intensities of pixels 
making up two spatially displaced images of the scene which the 
stereoscopic display is to present. 

9. A stereoscopic display as claimed in any previous claim wherein a light 
polarisation encoder includes a twisted nematic liquid crystal matrix adapted 
to receive light from the light intensity encoder. 

10. A stereoscopic display as claimed in claim 9 wherein the twisted nematic 
liquid crystal matrix controls the angular polarisation state of light emitted 
from the light intensity encoder. 

11. A stereoscopic display as claimed in any previous claim wherein a light 
polarisation encoder includes a quarter wave retarder component. 

12. A stereoscopic display as claimed in claim 11 wherein the quarter wave 
retarder components converts rotated linearly polarised light into elliptically 
polarised light having a non-spatial polarisation. 

13. A stereoscopic display as claimed in any previous claim wherein a diffuser 
is located between the light intensity encoder and the light polarisation 
encoder. 



14. 



A stereoscopic display as claimed in any one of claims 1 to 12 wherein in a 
refractor is located between the light intensity encoder and the light 
polarisation encoder. 



WO 2006/038819 PCT/NZ2005/000253 

26 

15. A stereoscopic display as claimed in any previous claim which includes an 
intensity assignment processor adapted to determine the light intensity to 
be assigned to each pixel of the image to be displayed. 

16. A stereoscopic display as claimed in any previous claim which includes a 
polarisation assignment processor adapted to determine the polarisation 
state to be assigned to each pixel of the image to be displayed. 

17. A method of providing an intensity assignment processor through computer 
readable instructions, said instructions being adapted to execute of the 
steps of; 

i) determining an intensity value for at least one pixel of a left input 
image, defined as \\ for each pixel investigated, and 

ii) determining an intensity value for at least one pixel of a right input 
image, defined as l r for each pixel investigated, and 

iii) calculating the intensity to be assigned by the intensity assignment 
processor provided, said assigned intensity defined as l a , being 
proportional to 

l a a V (I,) 2 + (l r ) 2 

18. A method of providing a polarisation assignment processor through 
computer readable instructions, said instructions being adapted to execute 
of the steps of; 

i) determining an intensity value for at least one pixel of a left input 
image, defined as I) for each pixel investigated, and 

ii) determining an intensity value for at least one pixel of a right input 
image, defined as l r for each pixel investigated, and 
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iii) calculating the polarisation to be assigned by the intensity 
assignment processor provided, said assigned polarisation defined 
as P a , being proportional to 

P a a arctan (l r / h) 

19. A stereoscopic image decoder which includes two polarisation filters with 
each filter to be positioned between a stereoscopic display and an eye of an 
observer of said stereoscopic display, 

wherein the first polarisation filter is adapted to block non-spatially polarised 
light in a first polarisation state, where said non-spatially polarised light in a 
first polarisation state is emitted by the second polarisation filter, and 

the second polarisation filter is adapted to block non-spatially polarised light 
in a second polarisation state, wherein said non-spatially polarised light in a 
second polarisation state is emitted by the first polarisation filter. 

20. A stereoscopic image decoder as claimed in claim 19 wherein a polarisation 
filter includes a quarter wave retarder component combined with a linear 
polarisation filter. 

21. A stereoscopic display system which includes a stereoscopic display as 
claimed in any one of claims 1 to 16 and at least one stereoscopic image 
decoder as claimed in any one of claims 19 to 22 

22. Computer readable instructions which when run are adapted to provide an 
intensity assignment processor of a stereoscopic display substantially as 
herein described with reference to and as illustrated by the accompanying 
drawings and/or examples. 

23. Computer readable instructions which when run are adapted to provide a 
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polarisation assignment processor of a stereoscopic display substantially as 
herein described with reference to and as illustrated by the accompanying 
drawings and/or examples. 

24. A stereoscopic display substantially as herein described with reference to 
and as illustrated by the accompanying drawings and/or examples. 

25. A stereoscopic image decoder substantially as herein described with 
reference to and as illustrated by the accompanying drawings and/or 
examples. 
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